The aim of this study was to investigate the effect of consuming small amounts of beer or a nonalcoholic beer taste beverage (non-beer) on gastric emptying and the polymorphisms in alcohol metabolism-related enzyme-encoding genes. Twenty male healthy volunteers were questioned regarding their alcohol consumption status, and body measurement was performed. The genetic polymorphisms in ADH1B (rs1229984, Arg47His) and ALDH2 (rs671 Glu487Lys) were analyzed. The subjects consumed 150 mL of beer or non-beer once per week, followed by the ingestion of 200 kcal of the test nutrient containing 13 C-acetate 15 min later, after which the subjects' exhalations were collected up to 120 min. The concentration peak of 13 C was measured as Tmax. Diamine oxidase (DAO) activity for the marker of small intestinal function activity was also measured the day after the test. Gastric emptying was significantly slower in the group that consumed a small amount of beer, and in daily beer consumption group, and also in the ADH1B *2/*2, ALDH2 *1/*2 genotypes compared to non-beer drinking group. DAO values were not significantly changed between beer and non-beer group. The consumption of even a small amount of beer and the polymorphisms in ADH1B / ALDH2 affects gastric motility.
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Alcohol consumption is common in the whole world, and the alcohol beverages were widely valuable. Beer is relatively low alcohol concentrated beverage, however excess beer consumption is a warning concern such as gout. To prevent such adverse effects of beer, non-alcoholic beer-taste beverages have been developed in recent years (34) . While some studies have addressed whether consumption of small amounts of beer has any effect (7, 23) , no studies have compared the effects of beer and nonalcoholic beer-taste beverages on gastric emptying. On entering the body, ethanol is metabolized into acetaldehyde by the enzyme alcohol dehydrogenase (ADH) (5) . Acetaldehyde, which is harmful to the human body, induces flush response or is associated with carcinogenesis (21, 37) , and then is further metabolized into acetic acid by aldehyde dehydrogenase (ALDH). Finally, acetic acid is degraded into carbon dioxide and water through the tricarboxylic acid cycle (5) . Genetic polymorphisms in the catabolic enzyme-encoding genes ADH1B and ALDH2 have recently been shown to affect alcohol metabolism (9) . The most studied genetic polymorphisms, ADH1B (rs1229984, Arg47His) and ALDH2 (rs671 Glu487Lys), have been shown to enhance the activities of both ADH1B *2/*2 (His/His) and ALDH2 *1/*1 (Glu/Glu) (2, 36) . Diamine oxidase (DAO) is localized to the rapid cell turnover organs such as the placenta and the small intestine, where a higher activity is found in lowed by the ingestion of 200 mL of the test nutrient RACOL ® -NF (Otsuka Pharmaceutical Factory, Inc. Tokushima, Japan) containing 13 C-acetate (Cambridge Isotope Laboratories, Inc. MA) 15 min later, after which the subjects' exhalations were collected in a breathing bag (Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan) at 0, 5, 10, 15, 20, 30, 40, 50, 60, 90 , and 120 min. This method was modified from previous report (1) . After collection, 13 C concentrations in the exhalations were measured using an infrared spectrometer (POCone ® ; Otsuka Pharmaceutical Co., Ltd.). The concentration peak of 13 C was measured as Tmax (min). To investigate the relationship of Tmax with BMI, BSA, and BEE, the subjects were divided into two groups (high and low group) according to these BMI, BSA, and BEE values, and correlation with Tmax was compared among these groups. DAO activity was measured in a fasting blood sample collected the day after the test. DAO was measured according to a high-sensitivity colorimetric method (31) .
Extraction of DNA and genotyping. Blood was collected for DNA extraction prior to the test. Taking samples were immediately frozen and stored −80°C. Then genomic DNA was extracted from these samples by digestion using the standard phenol/chloroform method. The genetic polymorphisms in ADH1B (rs1229984, Arg47His) and ALDH2 (rs671 Glu487Lys) were analyzed using the TaqMan assay method by Applied Biosystems (Foster, CA) (12) .
Data and statistical analysis. Data are expressed as mean ± S.E.M. Statistical analysis was performed by Wilcoxon signed-ranks test. In addition, to evaluate the variance of DAO activity, we used F-test. P values of less than 0.05 were considered as significant. the upper part of the small intestinal villi, particularly in human (35) . Its role is to regulate the metabolism of polyamines essential for cell growth, and to control the proliferation of small intestinal epithelial cells (20) . Blood DAO activity was correlated with DAO activity in the small intestinal tissue, therefore the blood DAO activity was suggested as an indicator of the maturity and integrity of the small intestinal mucosa (17, 18, 35) . Moreover, it was suggested that the blood DAO activity was also an indicator of intestinal mucosal injury due to anticancer agents (18, 31) . Therefore, it is possible to ascertain changes in the small intestinal function by measuring serum DAO levels (25) . In this study, we analyzed the effects of consuming small amounts of alcohol on the small intestine by measuring the levels of serum DAO activity. The aim of this study was to investigate the effect of consuming small amounts of beer or a non-alcoholic beer taste beverage (hereinafter referred to as non-beer) on internal organ functions, including gastric emptying, and to explore the related background factors.
MATERIALS AND METHODS
Study subjects. Study volunteers were recruited by our advertisement of the study in our hospital. The subjects included 20 male healthy volunteers (mean age 34.7 ± 2.7 years). They have neither particular disease nor taking medicine. Their details are listed in Table 1 . All subjects were questioned regarding their alcohol consumption status (Table 1) . In this questionnaire, we defined "social drinker" as a person who drinks alcohol usually on social occasions. We also measured the body mass index (BMI), body surface area (BSA), and basal energy expenditure (BEE) in all subjects using a body fat meter before the test. This study was conducted according to the ethical principles stated in the Declaration of Helsinki. The research protocol was approved by the ethics committee of the Fujita Health University.
Study protocol of breath test and DAO activity. This study was a crossover study. In the first week, the subjects randomly divided into alcohol consumption group and non-beer consumption group (They were divided randomly into 12 beer taking and 8 nonbeer taking groups). Then the subjects took another drink (beer or non-beer) in the next week. The subjects consumed 150 mL of beer (5.0% v/v contain ethanol, 63 kcal) or non-beer (beer-taste beverage, 0.0% contain ethanol, 22.5 kcal) in blinded, fol- All subjects were asked regarding their alcohol consumption status.
DISCUSSION
The inhibitory effect of alcohol components on gastric emptying has been reported (8, 15) , and the results of the present study are in agreement with those findings. Various reports on the correlation between alcoholic beverages and gastric emptying are available, including those indicating that gastric emptying is affected by the taste of the beer (23) and that low-alcohol beer and wine are most effective in promoting gastric acid secretion as a part of gastric emptying (3, 15) . However, no reports have investigated the effect of consuming small amounts of beer. The average amount of beer for investigating the association between ethanol and gastric emptying was around 400 mL to 500 mL (8, 15, 27) . In this study, we found that even consumption of a small amount of beer 150 mL significantly delayed gastric emptying compared to beer-taste non alcoholic beverage.
The precise mechanism of alcohol beverages to gastric emptying has not been clarified yet. There are some hypotheses about the correlation of ethanol and gastric emptying. Direct inhibitory effect of ethanol on the stomach musculature was suggested (26, 30) . The involvement of cholecystokinin receptor A (CCK-A) (13) or capsaicin-sensitive afferents of the vagus nerve (14) was also suggested as a part of inhibitory effect of ethanol on gastric emptying. Moreover, ingredients other than ethanol contained in alcohol beverages may be also involved in the inhibitory effects on gastric emptying (7, 33) . Polymorphisms in alcohol metabolism-related enzyme-encoding genes, particularly ADH1B (rs1229984, Arg47His) and ALDH2 (rs671 Glu487Lys), which were examined in the present study, have been the focus of intensive research regarding correlations with alcohol dependence (16, 22) and incidence of esophageal cancer (4, 32) . In addition to the relation between these polymorphisms and esophageal cancer, the relation between these polymorphisms in alcohol metabolism-related enzyme-encoding genes and colorectal cancer were examined (11) . Previous studies have investigated the correlation between polymorphisms in other alcohol metabolism-related enzyme-encoding genes and gastric emptying (24) . However, this is the first report to demonstrate a correlation between consumption of a small amount of beer and gastric emptying. Given the significant delays in gastric emptying observed in the ADH1B *2/*2 and ALDH2 *1/*2 groups, one can argue that the high level of ethanol degradation capability is associated with the ADH1B *2/*2 polymorphism
RESULTS
The subjects were all men by chance, and they could drink alcohol-contained beverages including beer. Their detailed contents about alcohol consumption were described in Table 2 . A gene polymorphism analysis revealed that 2 subjects carried the ADH1B *1/*1 (Arg/Arg) polymorphism, 8 carried the ADH1B *1/*2 (Arg/His) polymorphism, 10 carried the ADH1B *2/*2 (His/His) polymorphism, 11 carried the ALDH2 *1/*1 (Glu/Glu) polymorphism, and 9 carried the ALDH2 *1/*2 (Glu/Lys) polymorphism. No subjects carried the ALDH2 *2/*2 (Lys/ Lys) polymorphism.
Gastric emptying was significantly slower in the group that consumed a small amount of beer compared to non-beer drinking group (Tmax = 49.0 vs. 38.3, respectively, P = 0.00137; Table 3 ). There were no particularly significant differences in the Tmax level with regard to the presence or absence of the flush response, or whether the subject had a large or small BMI, BSA, or BEE value (Table 3) . Subsequently, we analyzed the association of the Tmax difference between the beer and non-beer groups with the foregoing factors and found that gastric emptying was significantly delayed in response to beer consumption in the ADH1B *2/*2, ALDH2 *1/*2, and daily beer consumption groups (Table 3) . Next, we measured the levels of serum DAO activity to assess functions of the small intestine (Table 4). Although the variance of DAO activity was significantly different between beer and non-beer group in F-test, the average levels of DAO activity were not different between beer and non-beer group. Similar tendency of the variance of DAO activity was observed in habitual drinker and social drinker, and in association with ADH1B*1 and ALDH2*2 alleles (Table 4) . body) was consumed by the subjects. No previous studies have used such small amounts of alcohol used in this study, and we therefore believe that we have discovered new knowledge of ethanol or its metabolites on the small intestine.
Research on the relationship between DAO and ethanol has shown that in rats, ethanol consumption increases DAO activity in gastroduodenal fluid, but not in plasma. And the inhibition of ethanol metabolism prevents this phenomenon (28) . However, this effect has been reported to be organ-dependent in another report from the same group (29) . In these former studies, DAO activity was measured after 12 h in maximum. In our study, serum DAO activity was and that the low level of acetaldehyde degradation capability is associated with the ALDH2 *1/*2 polymorphism. Therefore, these findings suggest that acetaldehyde, a primary ethanol metabolic product, affects gastric emptying. With regard to the effect of alcohol on the small intestine, the possibilities of alteration in the small intestinal microbiome and failure in the barrier function of epithelia have been shown (6) . While some existing data suggest that 1 g/kg of ethanol causes, for example, epithelial changes and erosion in the duodenum and infiltration of inflammatory cells (10) , these data cannot be compared with our results because, in the present study, only a very small amount of ethanol (approximately 7.5 g/ measured the day after the test, and the ethanol concentration was lower in our study. Thus, the correlation with serum DAO activity after beer intake, as measured in this study, did not necessarily indicate previous experimental results. Moreover, while our results showed a tendency toward a high level of serum DAO activity in the beer consumption group, these serum DAO activities were rather characterized by a high variability. These results, together with the fact that polymorphisms in alcohol metabolismrelated enzyme-encoding genes affected the outcome, suggest that various enzymes are involved in the relationship between DAO and ethanol. Especially, in daily drinker, DAO activity in beer consumption was relatively lower than social consumption group. DAO is histaminase as another name, and histamine is metabolized to imidazole acetaldehyde. Then, this metabolite is enzymatically degraded into imidazole acetate by ALDH (19, 38) . As histamine and ethanol metabolic pathways have common enzymes, it is possible that in daily drinker, DAO activity may be affected by continuous ethanol metabolism. For confirmation of this hypothesis, larger sample size will be needed in future study.
Based on the aforementioned results, we revealed that the consumption of even a small amount of beer affects gastric emptying. This study also demonstrated that polymorphisms in alcohol metabolism-related enzyme-encoding genes are related to gastric emptying and functions of the small intestine. In conclusion, it is suggested that acetaldehyde, a primary ethanol metabolic product, is the key factor for gastric emptying and DAO activity through the alcohol intake. Moreover, a small amount of beer consumption before meal would be useful for preventing excess calorie taking due to this suppressive effect for gastric emptying. In future studies, we plan to identify beer consumption patterns that are beneficial for health maintenance.
